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The 2.2.2-cryptand was purchased from Acros Organics. The 3-ethynyltoluene and triphenylmethanethiol was purchased from the Sigma-Aldrich Corporation. Carbon dioxide gas (research grade) was purchased from Airgas, Inc. Hydrogen gas (research grade) and methane gas (tech grade) were purchased from TechAir. D 2 (99.8%) and 13 CO 2 (99%) were purchased from Cambridge Isotope Laboratories. 1 H NMR data were recorded on a Bruker Avance 500 spectrometer (500 MHz) or a
Bruker Avance 400 spectrometer (400 MHz). All resonances in the 1 H NMR spectra are referenced to the residual solvent peaks (δ 7.16 ppm for benzene, δ 3.58 ppm for THF, δ 8.74
ppm for pyridine). Resonances were singlets unless otherwise noted. IR data were recorded on a
Bruker ALPHA spectrometer equipped with a Platinum-ATR attachment. UV-vis spectra were recorded on a Cary 60 spectrophotometer using Schlenk-adapted quartz cuvettes with a 1 mm or 1 cm optical path length. Solution magnetic susceptibilities were determined by adding an internal capillary standard of the appropriate deuterated solvent to 2-7 mM 1 H NMR samples of metal complex. The difference between the capillary and solvent peaks in Hz was used to determine µ eff via the Evans method, using at least two different concentrations for verification. 2 Mössbauer data were recorded on a SEECo spectrometer with alternating constant acceleration;
isomer shifts are relative to iron metal at 298 K. The sample temperature was maintained at 80 K in a Janis Research Company Inc. cryostat. The zero-field spectra were simulated using Lorentzian doublets using WMoss (SeeCo). GC/MS analyses were performed on a Agilent GC 6890N and MS 5973 equipped with an RTX-1 column (15.0 m x 250 µm x 0.25 µm) using helium as the carrier gas. The analysis method used in all cases was 1.0 µL injection of sample, injection temperature of 250 ˚C, 100:1 split ratio, initial inlet pressure of 1.10 psi (but varied as the column flow was held constant at 1.0 mL/min for the duration of the run), the interface
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temperature was held at 280 ˚C, and the ion source (EI, 70 eV) was held at 230 ˚C. The initial oven temperature was held at 50 ˚C for 3 min followed by a temperature ramp to 300 ˚C at 20 ˚C/min, and finally the temperature was held at 300 ˚C for 2 min. Elemental analyses were obtained from the CENTC Elemental Analysis Facility at the University of Rochester.
Microanalysis samples were weighed with a PerkinElmer Model 2400 Series II Analyzer, and handled in a VAC Atmospheres glovebox under argon. Cyclic voltammetry data were recorded using a PINE WaveNow potentiostat inside N 2 -filled glovebox. A Pt ceramic patterned electrode was used as the working and counter electrode. A silver electrode was used as a quasireference.
The electrolyte was a 0.10 M solution of tetrabutylammonium hexafluorophosphate in dry THF.
A scan rate of 50 mV/s was used. Potentials were referenced to the Cp 2 Fe + /Cp 2 Fe couple using an internal ferrocene standard. Differential pulse voltammetry was collected using a pulse height of 75 mV, pulse width of 60 ms, period of 120 ms, and increments of 2 mV.
Headspace gas analyses were performed using a Thermo Scientific Trace 1300 gas chromatograph. Reactions were stirred under an N 2 atmosphere in 5 mL THF in a 25 mL round bottom flask sealed with a 180˚ vacuum adaptor capped with a rubber septum. At the beginning of the reaction, 400 µL of methane was injected into the headspace. After 1 hour, a 250 µL gas tight Hamilton syringe was used to draw 200 µL of headspace through the stopcock of the vacuum adaptor and injected into an SSL injection port. The samples ran through a mol sieve 5Å
PLOT capillary GC column (30 m length, 0.53 mm inner diameter, 30 µm average thickness)
purchased from Sigma-Aldrich at 0.95 mL/min flow of N 2 carrier gas and a constant oven temperature of 35 ˚C. Samples were detected using a TCD detector set to negative polarity.
Samples were quantified using a calibration curve created by identical methods, injecting H 2 in quantities of 20, 40, 60, 80, and 100 µL into the headspace of the flask.
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Electrospray Mass Spectra were recorded in a modified FT-ICR-MS instrument (Bruker 
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X-ray Crystallography of 2 and 3. Crystals were placed on the tip of a 0.1 mm diameter glass capillary tube or fiber and mounted on a Bruker SMART APEX II CCD Platform diffractometer for a data collection at 100.0(1) K 5 using MoKα radiation and a graphite monochromator for the structures of 2 and 3. A preliminary set of cell constraints and an orientation matrix were calculated from reflections harvested from three orthogonal wedges of reciprocal space. The intensity data were corrected for absorption. 6 The structures were solved using SIR97 7 and refined using SHELXL-97. 8 The space groups were determined based on systematic absences and intensity statistics. Direct-methods solutions were calculated, which provided most nonhydrogen atoms from the E-map. Full-matrix least-squares/difference Fourier cycles located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were placed in idealized positions and refined as riding atoms with relative isotropic displacement parameters, unless otherwise noted. Details of the crystal structures are presented in Table S-1.
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Figure S-23. Molecular structure of 2 with thermal ellipsoids shown at 50% probability. The hydrogen atoms, except for the hydride, and isopropyl groups of the aryl rings have been omitted for clarity.
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X-ray Crystallography of 4 and 5. Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Saturn994+ CCD detector with Cu Kα (λ = 1.54178 Å) for the structure of 4. Low-temperature diffraction data (ω-scans) were collected on a Rigaku R-AXIS RAPID diffractometer coupled to an R-AXIS RAPID imaging plate detector with Mo Kα radiation (λ = 0.71073 Å) for the structure of 5. All structures were solved by direct methods using SHELXS and were refined against F 2 on all data by full-matrix least squares with SHELXL. 8 All non-hydrogen atoms were refined anisotropically unless otherwise noted. Hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model unless otherwise noted. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 time the U value of the atoms to which they are linked (1.5 times for methyl groups). All disorder was refined with similarity restraints on the 1,2-and 1,3-distances and displacement parameters. 
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